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I investigated the relative abundance, spatial 
distributions, return to the creel, and growth rates of two 
genetic stocks of kokanee salmon, Oncorhynchus nerka, in 
Flaming Gorge Reservoir, Utah-Wyomirrg. The two genetic 
stocks consist of fish from the two major spawning 
populations of kokanee in the reservoir. One population, 
Shore Spawners, spawns along the eastern shoreline of the 
Open Hills area of the reservoir. The other population, 
Sheep Creek, spawns in Sheep Creek, a tributary located in 
the Canyon area of the reservoir. 
Mitochondrial DNA of kokanee from each population was 
analyzed to determine haplotype differences between stocks. 
These haplotype differences were then used to determine the 
natal population of kokanee captured throughout the 
reservoir. Shore Spawner kokanee were more abundant 
iii 
relative to Sheep Creek kokanee both in the reservoir (93% 
to 7%) and in return to the creel (93% to 7%). Individuals 
from the two populations were not, however, distributed 
differently during the summer of 1995. 
Midwater trawls conducted during August 1995 and 1996 
showed that age-0 kokanee in the less productive Canyon 
area were significantly smaller than their counterparts in 
more productive reservoir areas. Measurements of adult 
kokanee returning to spawning areas in 1995 showed that 
spawning Sheep Creek kokanee were significantly smaller 
than their Shore Spawner counterparts. A common garden net 
pen experiment conducted on age-0 kokanee during the spring 
of 1996 showed a significant effect of genetic stock on 
Flaming Gorge kokanee growth. Both genetic stocks grew 
faster in the more productive areas of the reservoir, but 
Shore Spawner kokanee grew faster than Sheep Creek kokanee 
in seven of nine net pens. Potential physiological, 
behavioral, and life history differences between the 
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CHAPTER 1 
INTRODUCTION 
Flaming Gorge Reservoir is a large (147 km long, 34 m 
average depth) reservoir on the border of northeastern Utah 
and southwestern Wyoming. The reservoir was created by a 
1962 impoundment of the Green River and has been stocked 
with kokanee salmon, Oncorhynchus nerka, fry and fingerlings 
since 1963. Two major kokanee spawning populations 
currently inhabit the reservoir. One population spawns 
during September in Sheep Creek, a reservoir tributary 
located in the Canyon area of the reservoir. The other 
population, which will be referred to as Shore Spawners, 
spawns along the eastern shoreline of the reservoir's Open 
Hills area during October. 
The two populations were started from kokanee of 
different genetic stocks and should therefore still be 
genetically different, unless there has been significant 
gene flow between the populations since stocking. The 
objectives of this study were to: 1) distinguish the two 
populations through genetic differences, 2) determine the 
spatial distribution of the two stocks during the summer, 3) 
determine the relative abundance of the two stocks in the 
reservoir, 4) estimate the return to the creel of the two 
stocks, and 5) determine whether observed growth differences 
between the stocks are due to the environment, genetics, or 
both. 
In Chapter 2, I use genetic differences between major 
2 
Flaming Gorge Reservoir kokanee populations to distinguish 
the stocks. I then use the genetic differences to determine 
the spatial distribution and relative abundance of the two 
stocks in the reservoir. Genetic differences are also used 
to determine the return to the creel of each of the stocks. 
The information gathered in Chapter 2 allowed me to make 
suggestions for future management of the reservoir's kokanee 
populations. 
Chapter 3 details a common garden kokanee growth 
experiment in which age-0 kokanee from each of the 
reservoir's major populations were grown together in net 
pens across Flaming Gorge Reservoir's trophic gradient. 
Results from this experiment allowed me to determine the 
relative growth rate of each of the genetic stocks under 
various productivity levels. By determining whether or not 
there was a significant interaction between stock growth and 
reservoir location (productivity level), I was better able 
to explain the spatial distribution patterns found in 
Chapter 2. 
The Appendices contain a method of DNA extraction and 
tables of the raw data used for the analyses in Chapters 2 
and 3. The data are included so that they may be used by 
others for future analyses. The data may also be helpful in 
clearing up any questions that readers have about the 
results I have presented in this work. 
CHAPTER 2 
SPATIAL DISTRIBUTION, RELATIVE ABUNDANCE, AND RETURN 
TO THE CREEL OF MAJOR KOKANEE, ONCORHYNCHUS 
NERKA, POPULATIONS IN FLAMING GORGE 
RESERVOIR, UTAH-WYOMING1 
3 
Abstract.--Two major spawning areas exist for kokanee 
salmon, Oncorhynchus nerka, in Flaming Gorge Reservoir, 
Utah-Wyoming. One population spawns in Sheep Creek, a 
tributary located in the Canyon area of the reservoir. The 
other population spawns along the eastern shoreline of the 
Open Hills area of the reservoir. Mitochondrial DNA of 
newly emerged fry and adult spawners from each area was 
assayed to determine if the two populations were 
genetically distinct. Genetic differences were found and 
were used to determine the population of individuals of 
unknown origin. Samples of kokanee captured throughout 
Flaming Gorge during 1995 showed that although the two 
populations differed in abundance, individuals from both 
populations had similar spatial distributions throughout 
the summer. Shore Spawning kokanee were more abundant 
relative to Sheep Creek kokanee in the reservoir (93% to 
7%) and in return to the creel (93% to 7%). The low number 
of Sheep Creek kokanee was likely due to a limited amount 
of spawning habitat for this strain. 
1 Coauthored by Michael Canning and Chris Luecke. 
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Introduction 
Detectable genetic variation can reveal a great deal 
about the structure of fish populations. One useful aspect 
of finding genetic differences is the ability to 
distinguish one intraspecific population from another 
(Fournier et al. 1984, Beacham et al. 1987, Wood et al. 
1989, Smouse et al. 1990). Knowledge of genetic 
differences can be especially valuable in the management of 
mixed stock fisheries. For example, the salmon caught off 
the northwest coast of the United States come from many 
populations located throughout the northwestern U.S., 
Canada, Alaska, and northeastern Asia. Some of these 
populations are endangered, some are threatened, and some 
are persisting at acceptable levels. Knowledge of the 
genetic variation in these populations may allow 
determination of the extent to which each population is 
contributing to the salmon harvest in different areas of 
the Pacific at different times of the year (Utter et al. 
1987, Waples 1990), and this information can be applied to 
develop management strategies for these areas (Waples et 
al. 1990). 
Knowledge of genetic variation can also be valuable 
when analyzing relatedness between intraspecific and 
interspecific populations. By determining the proportion 
of detectable alleles that are shared between populations, 
one can calculate the genetic distance between these 
populations or species and then construct a dendogram 
showing which populations or species are most closely 
related to each other. If one assumes that base 
substitution rates are constant, the amount of time that 
the populations have been isolated can also be calculated 
(Kimura 1968). 
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The strong homing instinct of many salmonid species 
provides for little interbreeding between populations. In 
fact, Labelle (1992) found that the average rate of adult 
coho salmon, Oncorhynchus kisutch, straying to spawn with 
non-natal populations was less than 2%. Consequently, 
different populations of the same species can become 
genetically dissimilar (Varnavskaya et al. 1994, Wood et 
ai. 1994) due to adaptation to local environments, genetic 
drift, and even neutral mutation. These low levels of gene 
flow tend to keep even sympatric populations isolated and 
allow for gradual genetic divergence over evolutionary time 
(Waples et al. 1990). On an ecological time scale, the 
genetic isolation between populations is an important 
mechanism maximizing overall genetic variation of the 
species in question. 
While the strong salmon homing instinct tends to 
isolate populations spawning in different areas, 
populations that breed in close proximity to each other 
have also been found to be genetically isolated. Wood et 
al. (1994) found distinct populations of 0. nerka using 
6 
different spawning sites within certain lakes. Hendry et 
al. (1995) offered a possible mechanism for such isolation. 
When spawning sites are separated by an area of unsuitable 
spawning habitat, three factors tend to reduce 
interbreeding between populations. First, females remain 
at their initial nest site. Second, males rarely switch 
spawning sites. Third, males that do change spawning sites 
do so when they have little chance of spawning 
successfully. Over time, variation in habitat quality 
interacts with heritability of initial spawning site and 
time of spawning to form distinct breeding populations. 
Additionally, Foote et al. (1989) found little gene 
flow between two forms of Oncorhynchus nerka, nonanadromous 
kokanee and anadromous sockeye, that spawn at the same time 
in the same rivers. They suggest size-selective mating 
isolated these sympatric populations as sockeye are 
generally much larger than kokanee due to time spent 
foraging in the ocean. Furthermore, Wood and Foote (1990) 
found that when interbreeding does occur, hybrid fry are 
selected against because their egg sizes (a maternal 
effect) and development rates (a maternal and paternal 
genetic effect) are not compatible. When hybrid fry do 
develop, they probably do not survive to adulthood due to 
detrimental smolting times. Hybrid smolts acquire seawater 
adaptability too late in the year to migrate to the ocean 
with sockeye smolts (Foote et al; 1992) and thus lose the 
advantage of predator swamping. Therefore, genetic 
isolation occurs and the two populations will tend to 
become more dissimilar over time. 
Kokanee salmon, Oncorhynchus nerka, have been stocked 
in Flaming Gorge Reservoir since 1963. Kokanee in the 
reservoir return to their site of origin to spawn and die. 
Because of this homing pattern, two large and one small 
spawning population of Flaming Gorge kokanee exist. The 
first population is composed of stream spawners that leave 
the reservoir in September to spawn in Sheep Creek in the 
Canyon area. The number of spawners returning to Sheep 
Creek in the fall of 1995 was roughly estimated at 3,000 
(Steve Brayton, Utah Division of Wildlife Resources, 
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personal communication). The second population spawns 
along the shoreline of the Open Hills area of the reservoir 
from late October to early November. The three major 
spawning areas for the Shore Spawners in 1995 were Squaw 
Hollow, Lowe Canyon, and south of Wildhorse Bay. The 
number of spawners in this population was estimated in the 
thousands (Bill Wengert, Wyoming Game and Fish, personal 
communication) in 1995, and at 10,000 and 3,000 in 1990 and 
1991, respectively, based on hydroacoustic surveys (C. 
Luecke, unpublished data). The large areas of spawning 
activity and the depth at which some spawning occurs makes 
estimating the number of Shore Spawners difficult. A 
third, smaller population of kokanee also exists in Flaming 
Gorge. A run of kokanee swim up the Green River and spawn 
near Fontenelle Dam each October. The number of spawners 
in this run was less than 1,000 in 1995 (Bill Wengert, 
personal communication). 
In this study, we addressed three questions about 
Flaming Gorge kokanee populations. First, we determined 
the relative abundance of each stock. Second, we examined 
spatial distribution of juvenile stages of the two major 
stocks throughout the summer. Third, we examined the 
contribution of each population to the fishery. 
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To address these questions, we examined the genetic 
structure of both populations. Flaming Gorge kokanee 
populations could differ genetically because the two 
populations were stocked from different source populations. 
The Shore Spawner and Fontenelle Dam populations were 
stocked predominately with Idaho kokanee from Granby 
Reservoir, Colorado (Wyoming Game and Fish Department 
stocking records). The Sheep Creek population was 
predominately stocked with Washington state commercial 
stock, with some additional stocking from Granby Reservoir 
(Modde 1992). Because the source populations are 
different, and because gene flow between the populations is 
probably low due to large differences in spawning times and 
locations, these kokanee populations are likely different 
genetically. 
Modde (1992) examined genetic differentiation between 
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the stream and shoreline spawning kokanee from Flaming 
Gorge Reservoir and found that the two populations of 
kokanee were genetically distinct. Because the kokanee in 
question inhabit the same waters throughout life and are of 
approximately the same size when mating occurs, size 
selection, as suggested by Foote et al. (1989), would not 
be a barrier to gene flow. Other barriers, such as 
different spawning times and locations, are therefore 
probably responsible for keeping these sympatric kokanee 
populations genetically different. 
Although Modde (1992) showed an apparent difference in 
the DNA of these stocks, his sample sizes were low (n= 15 
to 18). Because of the encouraging results from Modde's 
work, we also attempted to distinguish the populations 
genetically, using larger sample sizes than those used by 
Modde (1992) Once Flaming Gorge kokanee were identified 
to stock, we could examine distribution and abundance 
patterns of each stock, as well as determine the return to 
the creel of each stock. 
Study Area 
Flaming Gorge Reservoir (Figure 2.1) is located on the 
Green River on the border of northeastern Utah and 
southwestern Wyoming. The reservoir was created in 1962 
through impoundment of the Green River and extends 147 km 
back from the dam. An interesting feature of Flaming Gorge 
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is the trophic gradient that exists and influences fish 
distribution. In fact, the trophic gradient is so 
pronounced that the reservoir is generally divided into 
three sections based on productivity. The area near the 
inflow of the Green River is shallow (maximum depth 25 m), 
narrow, poorly oxygenated, mesoeutrophic (USEPA 1977), and 
not thermally stratified. The Open Hills area of the 
reservoir is deeper (maximum depth 60 m), wider, 
mesotrophic (USEPA 1977), and often thermally stratified. 
The Canyon area of the reservoir is deep (maximum depth 125 
m), narrow, well oxygenated, nearly oligotrophic (USEPA 
1977), and thermally stratified throughout the summer. 
The thermal stratification and well-oxygenated water 
of the Canyon and Open Hills areas allow salmonids such as 
kokanee salmon, Oncorhynchus nerka, and lake trout, 
Salvelinus namaycush, to thrive. The warm water 
temperatures and lower oxygen levels found in the Inflow 
area restrict salmonids from this location from August to 
October, but allow fish such as Utah chub, Gila atraria, 
and carp, Cyprinus carpio, to thrive (Luecke and Teuscher 
1993, Luecke and Canning 1996). 
Methods 
Genetic Analyses 
Spawning individuals from the Sheep Creek, Shore 
Spawner, and Fontenelle Dam populations and newly emerged 
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fry from the Sheep Creek and Shore Spawner populations were 
collected in 1995. Muscle tissue samples were taken 
immediately upon death and kept on dry ice until they could 
be stored in an ultracold (-70°C) freezer. Samples were 
later transferred to scintillation vials containing 95% 
ethanol and sent to the genetics lab of Madison Powell at 
the University of Idaho. Genomic DNA was extracted (see 
Appendix B for method), 2 µleach of primers 461 and 562 
were added, and the ND2 region of mitochondrial DNA was 
amplified through PCR. The amplified DNA was then digested 
with the restriction enzyme Hae III in a solution 
containing 6 µl of DNA, .5 µl New England Biolabs Hae III, 
2 µl New England Biolabs Buffer #2, and 11.5 µl of water. 
Restriction enzymes recognize a specific DNA sequence and 
cut the DNA when that sequence is detected. The digested 
DNA was then electrophoresed on agarose gels. Two major 
haplotypes, or banding patterns, were found; one haplotype 
was predominant in the Shore Spawner population and the 
other was found predominately in the Sheep Creek 
population. These banding patterns were used to 
distinguish the populations and to determine the natal 
populations of fish obtained through trawling and through a 
survey of creeled fish. 
Trawl Survey 
Kokanee of unknown spawning affiliation were collected 
throughout the reservoir during the summer. These kokanee 
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were used to determine the spatial and temporal 
distribution of the major populations and give an estimate 
of the relative abundance of the two stocks. Kokanee were 
captured at night during new-moon periods of July and 
August 1995 with a midwater trawl deployed at various 
depths. The midwater trawl was most efficient at capturing 
smaller fish, but larger kokanee were also obtained. A 
small number of additional kokanee were obtained in June 
1995 from limited midwater trawling and gill-netting. For 
each kokanee, longitude and latitude of capture were 
recorded, length and weight were measured, and the fish was 
sacrificed. Immediately upon death, muscle samples were 
taken and stored on dry ice until they could be moved to an 
ultracold freezer. Samples were transferred to 
scintillation vials containing 95% ethanol in November 1995 
and shipped to the University of Idaho for mitochondrial 
DNA analysis. 
Trawl-captured kokanee were divided into two size 
classes, smaller than 250 mm total length and larger than 
250 mm total length. Size classes were analyzed separately 
as kokanee larger than 250 mm total length are more 
immediately important to the fishery. 
Creel Survey 
In addition to the kokanee captured with the midwater 
trawl, kokanee samples were obtained by Utah Division of 
Wildlife Resources creel clerks stationed at the major 
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Flaming Gorge boat ramps during certain days over the 
course of the summer. These samples were obtained from 
kokanee that fisherman had caught on the reservoir and that 
had been dead for a period of time. The location of 
capture was noted and tissue samples (muscle, liver, and 
heart) were taken and placed directly into scintillation 
vials containing 95% ethanol. Samples were stored in this 
manner until shipment to the University of Idaho for 
mitochondrial DNA analysis in November 1995. 
Statistical Analyses 
Statistical analysis to test for differences in 
spatial distributions of populations followed the modified 
Cramer-van Mises method of Syrjala (1996). This non-
parametric test examines differences in the spatial 
distributions of two populations, regardless of population 
sizes. 
A principal components analysis was used to determine 
which factors, if any, were significantly correlated with 
the locations of the two genetic strains of kokanee. The 
reservoir was divided into eight sections and the 
percentage of each haplotype/strain captured in that 
section was determined. Factors included in the analysis 
were depth of water, depth of trawl (capture depth), 
distance from the dam, daphnia biomass, zooplankton 
biomass, chlorophyll-a concentration, Secchi depth (a 
measure of water transparency), and temperature. Values 
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for the last five variables were measured at nine sampling 
stations throughout the reservoir, and the limnological 
values from the station closest to each capture location 
were used for the analysis. Principal components were then 
regressed against the percentage of kokanee exhibiting the 
Shore Spawner haplotype in each reservoir section. 
Results 
Genetic Analyses 
Mitochondrial DNA analysis clearly distinguished the 
major kokanee populations. Each population had a different 
predominant haplotype when the ND2 region of mitochondrial 
DNA was cut with the restriction enzyme Hae III and 
electrophoresed. Haplotype A was characterized by three 
DNA fragments of approximately 830 kb, 300 kb, and 200 kb, 
respectively. Haplotype C was characterized by four DNA 
fragments of approximately 470 kb, 360 kb, 300 kb, and 200 
kb. The different number of DNA fragments indicated that 
there is at least one base sequence difference in the ND2 
region of mitochondrial DNA between haplotypes. The DNA 
responsible for haplotype A contains one fewer Hae III 
restriction site than the DNA responsible for haplotype C. 
Trawl Survey 
Ninety-four percent (59/63) of Sheep Creek kokanee 
exhibited haplotype A, and only 6% exhibited haplotype C 
(Table 2.1, Figure 2.2). Conversely, 98% (63/64) of the 
15 
individuals from the Shore Spawning population exhibited 
haplotype C, and only 2% exhibited haplotype A. The 
Fontenelle Dam (n = 25) population was similar to the Shore 
Spawning population as 96% exhibited haplotype C and only 
4% exhibited haplotype A. This result was expected as the 
Shore Spawner and Fontenelle Dam populations were stocked 
from the same source population. 
Because individuals in the two major populations 
exhibited a nearly unique haplotype, it was possible to 
determine the natal population of kokanee of unknown origin 
with approximately 95% confidence. For ease in discussion 
and in presenting furlher results, a few assumptions will 
be made throughout the remainder of this chapter. All 
kokanee of unknown origin exhibiting haplotype A will be 
classified as Sheep Creek kokanee, and all kokanee 
exhibiting haplotype C will be classified as Shore Spawner 
kokanee. This assumption will cause a slight underestimate 
in the number of Sheep Creek kokanee. Additionally, no 
distinction can be made between the Shore Spawner and 
Fontenelle populations. Haplotype C kokanee are a mixture 
of these two populations, but the vast majority of these 
fish appear to be Shore Spawner kokanee. 
Five kokanee of the 155 collected by midwater trawling 
exhibited haplotypes not seen in fish from known 
populations. These haplotypes are probably a result of 
rare genotypes in one or both populations. Because we did 
not know which spawning population contained these rare 
haplotypes in the highest frequency, these five fish were 
excluded from analysis. 
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Trawl and limited gill-net sampling showed that Shore 
Spawner kokanee were more abundant than Sheep Creek kokanee 
in Flaming Gorge Reservoir (Table 2.1, Figure 2.2). 
Approximately 93% of the kokanee obtained in 1995 exhibited 
the haplotype common to the Shore Spawner population. 
Additionally, Shore Spawner kokanee were more abundant in 
all areas of the reservoir during the summer. This pattern 
held both for kokanee less than 250 mm total length (Figure 
2.3) and kokanee greater than 250 mm total length (Figure 
2.4) 
Haplotype data also suggested that although Shore 
Spawner kokanee were always more abundant, Sheep Creek 
kokanee were present more often in the Canyon area when 
below 250 mm and more often in the Open Hills area when 
greater than 250 mm. No difference in spatial distribution 
was found between populations for kokanee less than 250 mm 
total length (C-vM = 1.173, p =- .1300). Sheep Creek 
kokanee greater than 250 mm total length were found more 
often in the Open Hills area of the reservoir than in the 
Canyon area. However, because only three Sheep Creek 
kokanee of this size class were obtained, no statistical 
tests were performed and their distribution pattern should 
be viewed with caution. Additionally, no difference was 
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found in the spatial distribution of the two populations 
for kokanee obtained in the 1995 UDWR creel survey (C-vM = 
.104, p = .3650). Since these fish are also predominately 
greater than 250 mm total length, it appears that the 
distributions of larger Flaming Gorge kokanee from both 
populations were similar. 
The principal components analysis produced two major 
axes, a productivity component and a depth component (Table 
2.2). Neither of these components was significantly 
correlated with the percentage of each strain in different 
reservoir areas (r 2 = .10). The analysis, however, did 
lack power due to the small number of total Sheep Creek 
kokanee captured and the small number of both genetic 
stocks captured in some sections, allowing for large 
variance among sections. 
No difference was found in spatial distributions of 
Shore Spawning kokanee between July and August 1995 (C-vM = 
0.094, p = .2000). The small number of Sheep Creek kokanee 
obtained in both months resulted in low power and made 
determination of differences in distribution pattern 
impossible. 
Creel Survey 
Shore Spawning kokanee were also most abundant among 
fish taken in the 1995 creel, making up approximately 93% 
(82/88) of the catch (Table 2.1, Figure 2.2). Sheep Creek 
fish that were caught were found throughout the reservoir 
(Figure 2.5). Sheep Creek and Shore Spawning kokanee 
returned to the creel exhibited a similar spatial 
distribution pattern. 
No difference in catchability of the two stocks was 
observed. Trawl-captured fish larger than 250 mm total 
length were composed of 94.4% (51/54) Shore Spawners, 
whereas assayed creel fish were composed of 93.2% (82/88) 
Shore Spawners. This small difference was not 
statistically significant (x 1 2 = 0.296, p = 0.62) 
Discussion 
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Sheep Creek kokanee were much less abundant than Shore 
Spawner kokanee in all areas of the reservoir. One cause 
for the difference in abundance may be the availability of 
spawning habitat. The Shore Spawning Open Hills kokanee 
have more suitable spawning-habitat than is currently being 
used (Gipson and Hubert, 1993). In fact, a new site of 
shore spawning activity, near the mouth of the Canyon, was 
noticed for the first time in 1995 (Steve Brayton, Utah 
Division of Wildlife Resources, personal communication) 
Sheep Creek kokanee, on the other hand, are limited to 
spawning in Sheep Creek. Habitat improvements to Sheep 
Creek or establishment of kokanee in other streams may 
enhance the kokanee population if it is found to be 
spawning-habitat limited. 
A problem associated with using mitochondrial DNA 
• 
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differences as a genetic marker is the inability to detect 
paternal gene flow because mitochondrial DNA is inherited 
maternally. In the case of Flaming Gorge kokanee, I found 
that each of the two major kokanee populations exhibited a 
predominant haplotype when the ND2 region of mitochondrial 
DNA was cleaved with restriction enzyme Hae III and 
electrophoresed. These genetic differences are most likely 
maintained because very few individuals breed with their 
non-natal population each year. If, however, males 
migrated to breed with non-natal populations and females 
did not, the populations would still appear to be 
genetically distinct when mitochondrial DNA was analyzed. 
Analysis of chromosomal DNA, however, would show that the 
populations were not genetically distinct because of the 
gene flow that has occurred. Because Flaming Gorge kokanee 
populations are segregated by both temporal and spatial 
spawning differences, it is unlikely that significant gene 
flow occurs. In any case, there is no reason to suspect 
that kokanee males breed with non-natal populations more 
often than kokanee females, so similar results should be 
obtained by analyzing both mitochondrial and chromosomal 
DNA. 
Results from the 1995 UDWR creel survey showed that 
Sheep Creek kokanee were rare in the fishery. Because 
Sheep Creek kokanee comprised approximately 7% of the 
kokanee captured in trawls and approximately 7% of the 
20 
kokanee in the fishery, no difference in catchability of 
the two stocks was apparent. Preliminary results from the 
UDWR creel survey indicate that approximately 29,800 
kokanee were harvested in or near the Utah portion of 
Flaming Gorge Reservoir from May to November 1995 (Roger 
Schneidervin, Utah Division of Wildlife Resources, personal 
communication). Based on the 95% confidence interval 
(Table 2.1) for the percentage of creeled kokanee that 
exhibited the Shore Spawner haplotype (haplotype C), 
between 700 and 4,300 of harvested fish came from the Sheep 
Creek run and between 25,500 and 29,100 of harvested fish 
came from the Shore Spawner and Fontenelle runs. 
Results from the spatial analysis showed that age-0 
kokanee from both populations dispersed from spawning areas 
soon after they emerged. Although certain areas of the 
reservoir contained higher densities of kokanee than other 
areas, these kokanee-rich locations contain a mixture of 
kokanee from both the Sheep Creek and Shore Spawner 
populations. 
If high site fidelity near spawning areas had been 
found for both kokanee populations during the summer, 
Wyoming Game and Fish could have managed the Shore Spawner 
population, which spawns in Wyoming waters, and the Utah 
Division of Wildlife Resources could have managed the Sheep 
Creek population, which spawns in Utah waters. The lack of 
area fidelity for both juvenile and adult kokanee implies, 
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however, that the two populations must continue to be 
managed as a mixed-stock fishery. Information on life-
history trait differences between the two genetic stocks is 
needed to assess the consequences of harvest regulations on 
both stocks. The importance of the Shore Spawner stock 
suggests that care be taken in the harvest of adult kokanee 
from shore spawning areas in the fall. Reservoir draw-down 
should also be minimized during the winter months so that 
Shore Spawner eggs laid near the surface will not be 
exposed to the air. Attempts to improve stream spawning 
habitats for kokanee may provide the greatest potential for 
enhancement of the Flaming Gorge kokanee fishery. 
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Table 2.1.--Summary of Flaming Gorge Reservoir kokanee haplotypes. 
Haplotypes from ND2 region of mitochondrial DNA cut with restriction 
enzyme Hae III and electrophoresed on agarose gels. 
NUMBER OF INDIVIDUALS EXHIBITING HAPLOTYPE 
Proportion 95% Confidence 
Population A C Total Dominant Allele Interval 
Sheep Creek 59 4 63 0.937 0.845 to 0.982 
Shore Spawner 1 63 64 0.984 0.915 to 0.999 
Fontenelle 1 24 25 0.960 0.797 to 0.999 
Trawl, <250mm 8 88 96 0.917 0.842 to 0.963 
Trawl, >250mm 3 51 54 0.944 0.846 to 0.988 
Creel Survey 6 82 88 0.932 0.857 to 0.975 
Total 390 
Table 2.2.--Principal components used in regression to determine which 
factors, if any, were correlated with the distributions of the two· 
kokanee genetic stocks. 
Factor Component 1 Loadings Component 2 Loadings 
Miles From Dam 0.894 0.103 
Secchi Depth -0.801 -0.199 
Zooplankton Biomass 0.881 0.169 
Chlorophyl Concentration 0.813 0.318 
Daphnia Biomass 0.913 0.294 
Water Depth -0.831 -0.043 
Trawl Depth -0.669 0.722 
Water Temperature 0.638 -0.753 
Table 2.3.--Statistical tests for differences in spatial distributions 
of two populations. Methods follow Syrjala (1996). 
Contrast 
Sheep Creek vs. Shore Spawners, <250 mm TL 
Sheep Creek vs. Shore Spawners, Creel Survey 
July Shore Spawners vs. August Shore Spawners 
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Figure 2.1.--Map of Flaming Gorge Reservoir, Utah-
Wyoming showing areas based on level of productivity. 
The Inflow area is the most productive and the Canyon 
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Figure 2.2.--Summary of Flaming Gorge kokanee 
haplotypes. Haplotypes from ND2 region of 
mitochondrial DNA cut with restriction enzyme 
Hae III and electrophoresed on agarose gels. 
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Figure 2.3.--Map of Flaming Gorge Reservoir showing 
1995 capture locations of kokanee less than 250 mm \ 
total rength. Kokanee were assigned to population by 






Figure 2.4.--Map of Flaming Gorge Reservoir showing 
1995 capture locations of kokanee greater than 250 mm 
total length. Kokanee were assigned to population_by 






Figure 2.5.--Map·of Flaming Gorge Reservoir showing 
locations of kokanee caught by fishermen and included 
in the Utah Division of Wildlife Resources 1995 creel 
survey. Kokanee were assigned to population by 
haplotype differences described in the text. 
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CHAPTER 3 
A COMMON GARDEN EXPERIMENT COMPARING GROWTH 
OF TWO KOKANEE, ONCORHYNCHUS NERKA, 
STOCKS ACROSS A TROPHIC GRADIENT1 
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Abstract.--Two major spawning populations of kokanee 
salmon, Oncorhynchus nerka, exist in Flaming Gorge 
Reservoir, Utah-Wyoming. Previous work has shown that the 
Shore Spawner stock is more abundant than the Sheep Creek 
stock in all areas of the reservoir during the summer. We 
determined the effects of reservoir location and genetic 
stock on kokanee growth, a key component of fitness. 
Midwater trawls conducted during August 1995 and 1996 
showed that age-0 kokanee in the less productive Canyon 
area of the reservoir were significantly smaller than their 
counterparts in more productive reservoir areas. 
Measurements of adult kokanee returning to spawning areas 
during the fall of 1995 showed that spawning Sheep Creek 
kokanee were significantly smaller than their Shore Spawner 
counterparts. A common garden net pen experiment conducted 
on age-0 kokanee during the spring of 1996 showed a 
significant effect of genetic stock on Flaming Gorge 
kokanee growth. Both genetic stocks of kokanee grew faster 
in the areas of the reservoir where temperatures and 
zooplankton biomass were higher. Shore Spawning kokanee 
1 Coauthored by Michael Canning and Chris Luecke. 
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grew faster than Sheep Creek kokanee in seven of nine net 
pens. We discuss potential physiological, behavioral, and 
life-history differences between the genetic stocks that 
could explain these growth differences. 
Introduction 
Many studies have shown that genetic differences 
between populations of a single fish species can result in 
differences in behavior and physiology (Thomas and Donahoo 
1977, Skulason et al. 1993, Carter et al. 1994). In fact, 
the stock concept states that genetic differences between 
populations of a given species are adaptive to the historic 
local conditions of each population's environment (MacLean 
and Evans 1981). Because of such adaptations, populations 
in natural systems are usually well suited to the local 
areas in which they are found. In unnatural systems, such 
as reservoirs, human-altered streams, and watersheds 
stocked with non-native species, however, the native fish 
populations are often poorly adapted as they did not evolve 
under the current environmental and biological conditions 
that they now must face. 
Similarly, non-native fish may or may not be well 
adapted to their environments when stocked into new areas, 
depending on the similarity of the new habitat to the 
conditions under which the population evolved (Philipp et 
al. 1993). Moreover, when more than one population of a 
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given species is stocked sympatrically, small behavioral or 
physiological differences due to genetic variation between 
stocks may lead to stock fitness differences in the new 
environment (Clapp and Wahl 1996). In such situations, the 
fitness differences may lead to the numerical dominance of 
one population at the expense of the other. As a 
consequence, the stocking and attempted maintenance of the 
less fit population become a futile endeavor. An exception 
.would occur if genetic differences favored one population 
under certain conditions and another population under other 
conditions. 
Kokanee salmon, Oncorhynchus nerka, have been stocked 
in Flaming Gorge Reservoir since 1963. At the present 
time, two major and distinct kokanee populations exist in 
the reservoir. The first population, which will be 
referred to as the Sheep Creek stock, spawns in Sheep 
Creek, a reservoir tributary in the Canyon area of the 
reservoir. The second population, which will be referred 
to as the Shore Spawner stock, spawns along the eastern 
shoreline of the reservoir's Open Hills area. The kokanee 
populations were stocked from different source populations 
that are genetically different. The Sheep Creek population 
was predominately stocked with Washington state commercial 
stock, with some additional stocking from Granby Reservoir, 
Colorado (Modde 1992). The Shore Spawner stock was stocked 
predominately with Idaho kokanee from Granby Reservoir 
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(Wyoming Game and Fish Department stocking records). 
Previous work (see Chapter 2) has shown that the Shore 
Spawner stock is much more abundant relative to the Sheep 
Creek stock throughout the reservoir. While the difference 
in abundance is probably due to the different amounts of 
spawning habitat available to the two stocks, growth 
differences between the stocks may lead to unequal 
predation and, consequently, stock survivorship in the 
first months of life (Luecke et al. 1990). 
To test for growth differences between the stocks 
across Flaming Gorge Reservoir's trophic gradient, two 
surveys and one experiment were conducted. The first 
survey was used to assess the effects of trophic state on 
age-0 growth. The second survey, of spawning adults, was 
,performed to assess stock-related growth differences. 
Finally, a common garden experiment was conducted to 
measure the degree to which observed growth differences 
were related to genetic and/or environmental effects. 
Study Area 
Flaming Gorge Reservoir (Figure 3.1) was created in 
1962 by an impoundment of the Green River. The reservoir 
extends 147 km from the dam and is located on the border of 
northeastern Utah and southwestern Wyoming. One 
interesting aspect of Flaming Gorge is the trophic gradient 
that exists and influences fish distribution. This trophic 
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gradient has been used to divide the reservoir into three 
sections (Yule and Luecke 1993). The northern area, near 
the inflow of the Green River, is shallow (maximum depth 25 
m), narrow, poorly oxygenated, mesoeutrophic (USEPA 1977), 
and not thermally stratified. The Open Hills area of the 
reservoir is deeper (maximum depth 60 m), wider, 
mesotrophic (USEPA 1977), and often thermally stratified. 
The Canyon area of the reservoir is deep (maximum depth 125 
m), often narrow, well oxygenated, nearly oligotrophic 
(USEPA 1977), and thermally stratified throughout the 
summer. 
The thermal stratification and well-oxygenated water 
of the Open Hills and Canyon areas allow salmonids such as 
kokanee salmon, Oncorhynchus nerka, and lake trout, 
Salvelinus namaycush, to thrive. The Inflow area is 
suitable habitat for salmonids in winter and spring, but 
high temperatures and low oxygen levels restrict salmonids 
from this area from August to October and allow fish such 
as Utah chub, Gila atraria, and carp, Cyprinus carpio, to 
thrive (Luecke and Teuscher 1993, Luecke and Canning 1996) 
Methods 
Age-0 Survey 
Midwater trawls were performed at night during new-
moon periods of August 1995 and August 1996 throughout 
Flaming Gorge Reservoir. Kokanee obtained through trawling 
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during 1995 were aged by counting otolith rings. Kokanee 
captured during 1996 were not aged with otoliths, but were 
assigned to age classes based on the length and weight at 
age data obtained during 1995. Age-0 (young of the year) 
kokanee were the only size class captured in large numbers. 
The location of capture for each fish was assigned to one 
of two categories: Inflow/Open Hills or Canyon. Kokanee 
captured in the Open Hills and Inflow areas were pooled 
because few kokanee were captured in the Inflow area. The 
total length at age for fish obtained in the different 
areas of the reservoir was then compared. 
Adult Survey 
Adult kokanee returning to spawning areas in the fall 
of 1995 were collected from both of the major Flaming Gorge 
kokanee stocks by electrofishing. Shore Spawner adults 
were collected through boat electroshocking and backpack 
shockers were used to collect Sheep Creek spawners. The 
length of each fish was measured and most of the spawners 
were aged by counting otolith rings. The sex of each 
spawner was determined by looking at secondary sexual 
characteristics. Total length at spawning (predominately 
age 3+ kokanee) was compared between the major stocks, with 
males and females analyzed separately. 
Growth Experiment 
A kokanee growth experiment was conducted from May 22, 
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1996 to June 27, 1996. Kokanee fingerlings were placed 
into net pens located in three different areas of Flaming 
Gorge Reservoir (Figure 3.1). Net pens were 2-m by 2-m 
cylinders constructed of 1/8" mesh netting. Each net pen 
had a floating spreader bar on the top and a weighted 
spreader bar on the bottom. Weights were tied to the 
bottom of each net pen so that the pens would float at a 
depth of 8 m to 10 m from the surface. Three net pens were 
placed in the Inflow area (the most productive and warmest 
area) of the reservoir, three net pens were placed in the 
Open Hills area (intermediate productivity and 
temperatures) of the reservoir, and three net pens were 
placed in the Canyon area (least productive and coldest 
area) of the reservoir. 
Six kokanee fingerlings were placed into each net pen 
for a density of approximately one fish per cubic meter. 
Of the six kokanee in each pen, three were from the Sheep 
Creek brood stock while three were from the Shore Spawner 
brood stock. Before being added to the pens, kokanee were 
anesthetized and weighed. Weights were recorded and fish 
were grouped so that all six fish in a particular pen were 
of approximately the same size. A pelvic fin was then 
clipped from all of the fish in a particular stock so that 
the stock of each kokanee could later be identified. The 
stock that was fin clipped alternated in every other pen to 
avoid a fin clip effect on growth rate. The kokanee were 
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observed overnight and only those fish that showed no signs 
of handling stress were added to the net pens. 
All nine net pens were placed in the reservoir on May 
22, 1996. On that date, and once each week thereafter, 
several limnological variables were measured near each net 
pen site. Four replicate samples of zooplankton biomass 
were obtained with a SO-liter Schindler trap (80-µm mesh) 
at a depth of 8-9 m, water transparency was measured by 
determining the Secchi depth at each l·ocation, and 
temperature and dissolved oxygen profiles were recorded 
with a YSI meter. The net pens in the Canyon and Open 
Hills areas were removed on June 27, 1996 and the net pens 
in the Inflow area were removed on June 28, 1996. Upon 
removal from the reservoir, each kokanee was sacrificed 
with an overdose of MS 222 and weighed. The average 
relative growth rate (in g/g/day) was then determined for 
each stock in each of the net pens. Relative growth rate 
(R) was calculated as 
R = (GI w / T); 
G is weight gain (g) of the kokanee while in the net pen, W 
is the initial weight (g) of the kokanee, and Tis the time 
(days) that the kokanee was in the net pen. 
Statistical Analyses 
Differences in age-0 kokanee size in different years 
and reservoir locations were tested with two-way ANOVAs 
(SAS Institute 1990). The same procedure was used to test 
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for size differences in kokanee from the major stocks that 
returned to spawn. 
Results from the growth experiment were tested with a 
split-plot ANCOVA, with initial weight of the kokanee as a 
covariate (SAS Institute 1990). Treatments were location 
within the reservoir (n=3) and genetic stock (n=2). One 
kokanee from the net pen experiment was not included in the 
analysis. This Shore Spawner stock fingerling, identified 
in Appendix Table A.2, was in net pen 2, in the Canyon area 
of the reservoir. This particular fish was excluded as it 
grew much slower than all of the other fish in the study. 
In fact, this fish was over half a gram smaller than the 
next smallest kokanee (82% of the body weight) at the end 
of the experiment. All null hypotheses were rejected at 
the p < 0.1 significance level. 
Results 
Age-0 Survey 
Age-0 kokanee captured in the Inflow/Open Hills areas 
were significantly larger than age-0 kokanee captured in 
the less productive Canyon area in both 1995 and 1996 
(Figure 3.2, Table 3.1). In 1995, age-0 kokanee in the 
Canyon averaged 53 mm total length while age-0 kokanee in 
the Inflow/Open Hills areas averaged 69 mm. Similarly, in 
1996, age-0 kokanee in the Canyon averaged 50 mm total 
length whereas those in the Inflow/Open Hills areas 
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averaged 60 mm. No significant difference in age-O length 
existed between years. 
Adult Survey 
Adults returning to the two spawning areas in the 
reservoir showed significant size differences for both 
sexes, and the sexes were significantly different in size 
(Figure 3.3, Table 3.2). Sheep Creek females averaged 390 
mm total length while Shore Spawner females averaged 413 
mm. Sheep Creek males were also smaller, averaging 432 mm 
total length while Shore Spawner males averaged 458 mm 
total length. 
Growth Experiment 
The split-plot ANCOVA showed a significant difference 
in kokanee growth (g/g/day) between genetic stocks (Table 
3.3). The Shore Spawner genetic stock grew faster than the 
Sheep Creek genetic stock in all three of the reservoir 
areas (Figure 3.4). Moreover, the Shore Spawner stock grew 
more quickly than the Sheep Creek stock in seven of the 
nine net pens (Figure 3.5, Table 3.4) In one net pen, 
growth of the two stocks was similar, and in one net pen 
growth of the Sheep Creek stock was greater. Statistically 
nonsignificant growth differences were observed between 
reservoir locations as growth was slowest in the nearly 
oligotrophic Canyon area, intermediate in the Open Hills 
area of intermediate productivity, and greatest in the 
42 
mesoeutrophic Inflow area (Figure 3.4). These growth 
differences were most likely caused by the higher 
temperatures in the Inflow and Open Hills areas throughout 
the experiment and the higher zooplankton biomass in these 
areas during the latter half of the experiment (Figure 
3.6). The zooplankton biomass in the Canyon area in early 
June likely exceeded the saturation level of food for 
juvenile salmonids (Tabor et al. 1996). ANCOVA results 
also showed no significant interaction effect on growth 
between reservoir location and genetic stock, showing that 
both stocks responded to the trophic gradient in a similar 
way. 
Figure 3.7 shows the norm of reaction (the phenotypic 
response of a genotype under different environmental 
conditions) for the growth of each genetic stock across the 
reservoir's trophic gradient. Similar to the ANCOVA 
results, no significant interaction effect is apparent. It 
is apparent, however, that environmental and genetic 
effects had a similar influence on Flaming Gorge kokanee 
growth. While genetic effects accounted for an approximate 
30% difference in growth in a single reservoir area, the 
different environments found in the reservoir also 
accounted for an approximate 30% difference in growth for 
both genetic stocks. 
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Discussion 
Both environmental and genetic factors are important 
.determinants of Flaming Gorge kokanee growth rates. The 
size differences found for naturally occurring age-0 
kokanee can best be attributed to environmental factors. 
Previous work (see Chapter 2) has shown that age-0 kokanee 
from both genetic stocks distribute themselves throughout 
the reservoir by midsummer. The growth differences between 
the areas are most likely due to the higher zooplankton 
abundances and temperatures of the Inflow and Open Hills 
areas as compared to the lower food levels and temperatures 
in the Canyon area. Our experiment, however, did not find 
significant growth differences due to reservoir location. 
This may be because the trophic gradient is not very 
pronounced in the spring, or it may be due to a lack of 
statistical power. 
The importance of genetic effects on growth can be 
observed in the size differences of adult spawners from the 
two stocks. Previous work (see Chapter 2) showed that 
adult kokanee of both genetic stocks were distributed 
throughout the reservoir during the summer. Spawners of 
both stocks returned from all areas of the reservoir, 
ruling out environmental factors as the major cause of 
spawner size differences. 
The lack of a significant interaction between 
reservoir location and genetic stock on Flaming Gorge 
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Reservoir kokanee growth rate was also consistent with 
previous work. Results in Chapter 2 showed that among 
kokanee less than 250 mm total length, no significant 
difference in spatial distribution of the two genetic 
stocks existed. Because the Shore Spawner stock maintained 
the same growth advantage over the Sheep Creek stock in all 
areas of the reservoir, no reason is apparent for the 
stocks to be distributed differently. 
Results showed, however, that the response to the 
environmental variables often used to predict habitat 
quality might vary among stocks. Spatially explicit 
habitat models are often species-specific and predict 
growth rates for individuals based a number of biological 
and physical factors (Brandt and Kirsch 1993, Mason et al. 
1995). Because growth response to similar conditions can 
vary among stocks, users of habitat models should take care 
when applying a model to stocks (or species) other than 
those for which the model was created. With that said, the 
news for habitat quality models is not all bad. 
Environmental and genetic factors had similar effects on 
Flaming Gorge kokanee growth. The importance of 
environmental factors indicates that habitat models 
produced for one stock/species may give adequate estimates 
of spatially explicit growth for closely related stocks or 
species when a great deal of precision is not necessary. 
Growth rates in net pens were slightly higher than 
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growth rates in the reservoir itself, but lower than 
bioenergetics modeling would predict (Luecke and Canning 
1996). The slightly higher net pen growth rates may be due 
to the effects of predation. Kokanee in the net pens may 
be able to spend more time foraging on zooplankton, whereas 
kokanee in the reservoir proper may spend much of their 
time hiding from predators. The lower net pen growth rates 
than would be expected by our model may be due to lower 
food availability in the net pens than in the reservoir, 
inaccuracies in the model, or genetic differences between 
Flaming Gorge kokanee and the other 0. nerka populations 
used to create the model. In any case, the similarity among 
net pen growth rates, reservoir growth rates, and model 
predictions gives us confidence that the net pens mimic the 
reservoir well enough to provide valid results. 
One consequence of the growth difference between 
genetic stocks may be differential survival rates during 
the first months of life. Since Shore Spawner individuals 
are able to grow at a faster rate, they will be larger than 
individuals of the Sheep Creek stock of the same age in the 
same location. While there does not appear to be a 
difference in survivorship between the stocks once Flaming 
Gorge kokanee have reached August of their first year 
(Chapter 2), future work should focus on survivorship 
during the critical first months of life, from emergence in 
the spring until late summer. Additional work to determine 
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the mechanism responsible for the stock growth differences 
is another logical and important step in determining growth 
dynamics of fish in their environment. 
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Table 3.1.--ANOVA table for Age-0 survey to test for size 
differences between Flaming Gorge kokanee captured in midwater 
trawls in different reservoir areas during new moon period of 
August 1995 and 1996. 
Source DF Type III ss Mean Square F p 
Reservoir Location 1 2399.7 2399.7 13.39 0.0006 
Year 1 412.2 412.2 2.30 0.13 
Location X Year 1 119.3 119.3 0.67 0.42 
Error 50 8960.5 179.2 
Total 53 11891.7 
Table 3.2.--ANOVA table for Adult survey to test for size 
differences between sexes and genetic stocks of Flaming 
Gorge kokanee which returned to spawning sites during the 
fall of 1995. 
Source DF Type III SS Mean Square F p 
Genetic Stock 1 13974.9 13974.9 13.22 0.0004 
Sex 1 46456.1 46456.1 43.94 0.0001 
Stock X Sex 1 56.8 56.8 0.05 0.82 
Error 101 106792.5 1057.4 
Total 104 167280.4 
Table 3.3.--ANCOVA results for common garden net pen experiment 
testing for growth differences between Flaming Gorge kokanee 
genetic stocks across the reservoir"s trophic gradient. 
Tests of Fixed Effects 
Source DF Error Term F p 
Reservoir Locatiorr 2 Block X Location 1. 77 0.255 
Genetic Stock 1 Stock X Block(Location) 5.25 0.062 
Location X Stock 2 Stock X Block(Location) 1. 89 0.231 
Initial Weight 1 Residual 6.65 0.032 
Covariance Parameter Estimates 
Covariance Parameter DF Estimate Standard Error 
Block 8 0.000085 0.000081 
Residual 3 0.000082 0.000048 
Vl 
0 
Table 3.4.--Common garden experiment to test for growth differences between Flamin~ 
Gorge kokanee stocks across the reservoir's trophic gradient. Each net pen held 
three fish from each population for a total of six kokanee. An* indicates that 
one kokanee from this pen was excluded from analysis as it grew substantially less· 
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Table 3.5.--Summary of net pen experiment to test for growth 
differeces between Flaming Gorge kokanee genetic stocks. Growth 
for each stock was averaged across three net pens in each 
reservoir area. An* indicates that one kokanee was excluded 
from analysis as it grew substantially less than other kokanee 
in the experiment. See Appendix, Table A.2, for raw data. 
Reservoir Location Genetic Stock Average Growth St. Error 
(g/g/day) 
Canyon Sheep Creek 0.057 0.017 
Shore Spawner *0.058 *0.008 
Open Hills Sheep Creek 0.049 0.002 
Shore Spawner 0.065 0.032 
Inflow Sheep Creek 0.071 0.009 
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Figure 3.1.--Map of Flaming Gorge Reservoir, Utah-Wyoming 
showing areas based on productivity level. The Inflow 
area is the most productive and the Canyon area is the 
least productive. X's mark locations where net pens 
were placed for the common garden growth experiment. 
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Figure 3.2.--Differences in total length of Age-0 
kokanee captured in midwater trawls in different 
reservoir areas during new moon periods of August 











□ SHEEP CREEK 





Figure 3.3.--Differences in total length of spawners 
from the two major Flaming Gorge kokanee populations. 
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Figure 3.4.--Relative growth rates of Flaming Gorge 
kokanee stocks raised in net pens in the reservoir 
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Figure 3.5.--Comparison of relative growth rates of 
Flaming Gorge kokanee stocks in individual net pens. 
Each point is the relative growth of Sheep Creek kokanee 
in a net pen plotted against the relative growth of 
Shore Spawner kokanee in the same net pen. The line 


















































Figure 3.6.--Water temperature (top) and zooplankton 
biomass (bottom} near net pen sites during the growth 
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Figure 3.7.--Reaction norms of Flaming Gorge kokanee 
growth in net pens across the reservoir's trophic 
gradient. Bars are+/- one standard error. 
CHAPTER 4 
SUMMARY AND CONCLUSIONS 
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My research focused on the major kokanee salmon, 
Oncorhynchus nerka, populations of Flaming Gorge Reservoir, 
Utah-Wyoming. Through the determination of mitochondrial 
DNA differences, I was able to ascertain the natal 
population of kokanee captured throughout the reservoir 
(Chapter 2). Genetic differences also allowed me to 
determine that the Shore Spawner stock was more abundant 
relative to the Sheep Creek stock both in the reservoir and 
in return to the creel. The use of genetic differences to 
distinguish fish populations is an extremely useful 
technique that should be more often employed in mixed-stock 
fishery situations, especially in systems involving 
endangered or threatened stocks. 
The common-garden growth experiment, discussed in 
Chapter 3, is one of the first studies to compare the 
growth rates of sympatric fish stocks across a natural 
gradient. This experiment allowed me to determine that the 
Shore Spawner stock grows more quickly than the Sheep Creek 
stock in three reservoir areas which differ in temperature 
and food level. These growth differences may be a 
mechanism that is partially responsible for the greater 
relative abundance of the Shore Spawner stock. 
In the future, I predict that the Shore Spawner stock 
will continue to grow in numbers and relative abundance 
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while the Sheep Creek stock will remain numerically 
constant and decrease in relative abundance. In addition 
to growth differences, another reason for the large numbers 
of Shore Spawners might be the vast amount of spawning 
habitat, some of which is not even being utilized, along 
the reservoir shore-line. The Sheep Creek stock, on the 
other hand, is confined to spawning in one reservoir 
tributary. The combination of limited spawning habitat and 
a slower growth rate should prohibit the Sheep Creek 
population from drastically increasing, even in the highly 
productive Flaming Gorge system. On the other hand, the 
expansion of Shore Spawner kokanee into new spawning areas, 
combined with the faster growth rate of the stock, should 
allow the stock to increase in abundance, especially 





APPENDIX A. DATA TABLES 
Table A.1.--Capture date, method, and location for kokanee used to determine 
relative population abundance and population spatial distributions. 
Haplotypes were determined by cleaving the ND2 region of mitochondrial 
DNA with restriction enzyme Hae III and electrophoresing on agarose gels. 
Assumed population was assigned to each kokanee based on haplotype. 
Method/ Length Latitude Longitude Assumed 
Date Depth (m) (mm) (N) (W) Haplotype Population 
2-Jun-95 Trawl 8-14 75 41.10.140 109.32.190 A Sheep Creek 
2-Jun-95 Trawl 8-14 334 41.10.149 109.32.167 C Shore Spawner 
2-Jun-95 Trawl 8-14 333 41.10.149 109.32.167 C Shore Spawner 
2-Jun-95 Trawl 8-14 148 41.10.249 109.32.395 C Shore Spawner 
2-Jun-95 Trawl 8-14 61 41.04.649 109.31.866 C Shore Spawner 
2-Jun-95 Trawl 8-14 310 41.04.649 109.31.866 C Shore Spawner 
18-Jun-95 Gillnet 350 Horseshoe Canyon C Shore Spawner 
18-Jun-95 Gillnet 361 Horseshoe Canyon C Shore Spawner 
18-Jun-95 Gillnet 307 Hideout Boat Camp C Shore Spawner 
18-Jun-95 Gillnet 278 Sheep Creek Bay C Shore Spawner 
27-Jul-95 Trawl 17-23 204 40.56.693 109.35.737 C Shore Spawner 
27-Jul-95 Trawl 17-23 119 40.56.613 109.36.757 E Unknown 
27-Jul-95 Trawl 17-23 200 40.56.613 109.36.757 E Unknown 
27-Jul-95 Trawl 17-23 54 40.56.613 109.36.757 C Shore Spawner 
27-Jul-95 Trawl 17-23 45 40.56.613 109.36.757 C Shore Spawner 
27-Jul-95 Trawl 17-23 46 40.56.613 109.36.757 A Sheep Creek 
27-Jul-95 Trawl 17-23 46 40.56.613 109.36.757 G Unknown 
27-Jul-95 Trawl 17-23 332 40.56.613 109.36.757 C Shore Spawner 
27-Jul-95 Trawl 17-23 292 40.56.613 109.36.757 C Shore Spawner 
27-Jul-95 Trawl 17-23 270 40.57.312 109.38.135 F Unknown 
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27-Jul-95 Trawl 17-23 319 40.57.312 109.38.135 C Shore Spawner 
27-Jul-95 Trawl 17-23 286 40.57.312 109.38.135 C Shore Spawner 
27-Jul-95 Trawl 17-23 292 40.57.312 109.38.135 C Shore Spawner 
27-Jul-95 Trawl 17-23 46 40.57.312 109.38.135 C Shore Spawner 
27-Jul-95 Trawl 17-23 47 40.57.312 109.38.135 C Shore Spawner 
27-Jul-95 Trawl 17-23 45 40.57.312 109.38.135 C Shore Spawner 
27-Jul-95 Trawl 17-23 51 40.55.959 109.37.961 C Shore Spawner 
27-Jul-95 Trawl 17-23 42 40.55.959 109.37.961 C Shore Spawner 
27-Jul-95 Trawl 17-23 36 40.55.959 109.37.961 C Shore Spawner 
27-Jul-95 Trawl 17-23 37 40.55.959 109.37.961 C Shore Spawner 
27-Jul-95 Trawl 17-23 45 40.55.959 109.37.961 C Shore Spawner 
27-Jul-95 Trawl 17-23 46 40.55.959 109.37.961 C Shore Spawner 
27-Jul-95 Trawl 17-23 40 40.55.959 109.37.961 C Shore Spawner 
27-Jul-95 Trawl 17-23 57 40.55.124 109.37.917 A Sheep Creek 
27-Jul-95 Trawl 17-23 46 40.55.124 109.37.917 C Shore Spawner 
27-Jul-95 Trawl 17-23 43 40.55.124 109.37.917 C Shore Spawner 
27-Jul-95 Trawl 17-23 36 40.54.613 109.37.254 C Shore Spawner 
27-Jul-95 Trawl 17-23 38 40.53.730 109.33.222 C Shore Spawner 
27-Jul-95 Trawl 19-25 286 40.55.011 109.30.402 C Shore Spawner 
27-Jul-95 Trawl 19-25 35 40.55.011 109.30.402 C Shore Spawner 
27-Jul-95 Trawl 19-25 48 40.54.667 109.29.115 C Shore Spawner 
27-Jul-95 Trawl 19-25 44 40.54.667 109.29.115 C Shore Spawner 
27-Jul-95 Trawl 19-25 38 40.54.667 109.29.115 C Shore Spawner 
27-Jul-95 Trawl 19-25 265 40.54.667 109.29.115 C Shore Spawner 
27-Jul-95 Trawl 19-25 311 40.54.667 109.29.115 C Shore Spawner 
27-Jul-95 Trawl 19-25 46 40.54.739 109.28.016 C Shore Spawner 
27-Jul-95 Trawl 19-25 31 40.54.739 109.28.016 C Shore Spawner 
27-Jul-95 Trawl 19-25 270 40.54.739 109.28.016 C Shore Spawner 
28-Jul-95 Trawl 12-18 354 41.13.828 109.35.206 A Sheep Creek 
28-Jul-95 Trawl 12-18 112 41.13.828 109.35.206 C Shore Spawner 
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28-Jul-95 Trawl 12-18 63 41.13.828 109.35.206 C Shore Spawner 
28-Jul-95 Trawl 12-18 310 41.13.069 109.35.570 C Shore Spawner 
28-Jul-95 Trawl 12-18 230 41.13.069 109.35.570 C Shore Spawner 
28-Jul-95 Trawl 12-18 223 41.13.069 109.35.570 C Shore Spawner 
28-Jul-95 Trawl 12-18 198 41.13.069 109.35.570 C Shore Spawner 
28-Jul-95 Trawl 12-18 58 41.13.069 109.35.570 C Shore Spawner 
28-Jul-95 Trawl 12-18 57 41.13.069 109.35.570 C Shore Spawner 
28-Jul-95 Trawl 12-18 59 41.13.069 109.35.570 C Shore Spawner 
28-Jul-95 Trawl 12-18 220 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 335 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 235 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 233 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 225 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 76 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 70 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 64 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 55 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 52 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 50 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 47 41.12.432 109.32.111 C Shore Spawner 
28-Jul-95 Trawl 12-18 48 41.08.106 109.32.941 C Shore Spawner 
28-Jul-95 Trawl 12-18 45 41.08.106 109.32.941 C Shore Spawner 
28-Jul-95 Trawl 12-18 420 41.08.106 109.32.941 C Shore Spawner 
28-Jul-95 Trawl 12-18 285 41.08.106 109.32.941 C Shore Spawner 
28-Jul-95 Trawl 12-18 390 41.08.106 109.32.941 C Shore Spawner 
28-Jul-95 Trawl 12-18 312 41.08.106 109.32.941 C Shore Spawner 
28-Jul-95 Trawl 12-18 129 41.08.106 109.32.941 A Sheep Creek 
28-Jul-95 Trawl 12-18 50 41.06.299 109.31.966 C Shore Spawner 
28-Jul-95 Trawl 12-18 43 41.04.213 109.31.786 C Shore Spawner 
28-Jul-95 Trawl 12-18 415 41.04.213 109.31.786 C Shore Spawner 
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28-Jul-95 Trawl 12-18 414 41.01.984 109.33.167 C Shore Spawner 
28-Jul-95 Trawl 12-18 51 41.01.984 109.33.167 C Shore Spawner 
28-Jul-95 Trawl 12-18 42 41.01.984 109.33.167 C Shore Spawner 
27-Aug-95 Trawl 8 -14 100 41.16.111 109.32.834 C Shore Spawner 
27-Aug-95 Trawl 8 -14 101 41.16.111 109.32.834 C Shore Spawner 
27-Aug-95 Trawl 8 -14 85 41.16.111 109.32.834 C Shore Spawner 
27-Aug-95 Trawl 8 -14 66 41.16.111 109.32.834 C Shore Spawner 
27-Aug-95 Trawl 8 -14 547 41.16.111 109.32.834 A Sheep Creek 
27-Aug-95 Trawl 16-22 400 41.08.298 109.32.915 C Shore Spawner 
27-Aug-95 Trawl 16-22 372 41.08.298 109.32.915 C Shore Spawner 
27-Aug-95 Trawl 16-22 343 41.08.298 109.32.915 C Shore Spawner 
27-Aug-95 Trawl 16-22 521 41.08.298 109.32.915 A Sheep Creek 
27-Aug-95 Trawl 16-22 225 41.08.298 109.32.915 C Shore Spawner 
27-Aug-95 Trawl 16-22 220 41.08.298 109.32.915 C Shore Spawner 
27-Aug-95 Trawl 16-22 80 41.08.298 109.32.915 C Shore Spawner 
27-Aug-95 Trawl 16-22 55 41.08.298 109.32.915 C Shore Spawner 
27-Aug-95 Trawl 16-22 340 41.05.674 109.32.683 C Shore Spawner 
27-Aug-95 Trawl 16-22 224 41.05.674 109.32.683 C Shore Spawner 
27-Aug-95 Trawl 16-22 215 41.05.674 109.32.683 C Shore Spawner 
27-Aug-95 Trawl 16-22 214 41.05.674 109.32.683 C Shore Spawner 
27-Aug-95 Trawl 16-22 186 41.05.674 109.32.683 C Shore Spawner 
27-Aug-95 Trawl 16-22 230 41.05.674 109.32.683 C Shore Spawner 
27-Aug-95 Trawl 16-22 49 41.05.674 109.32.683 C Shore Spawner 
27-Aug-95 Trawl 16-22 60 41.03.888 109.32.464 C Shore Spawner 
28-Aug-95 Trawl 16-22 71 40.55.493 109.38.014 C Shore Spawner 
28-Aug-95 Trawl 16-22 41 40.55.493 109.38.014 C Shore Spawner 
28-Aug-95 Trawl 16-22 224 40.55.493 109.38.014 C Shore Spawner 
28-Aug-95 Trawl 23-29 388 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 420 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 327 40.56.487 109.35.402 C Shore Spawner 
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28-Aug-95 Trawl 23-29 385 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 320 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 366 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 284 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 207 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 62 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 56 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 23-29 51 40.56.487 109.35.402 C Shore Spawner 
28-Aug-95 Trawl 16-22 70 40.58.594 109.36.020 E Unknown 
28-Aug-95 Trawl 16-22 52 41.01.759 109.33.690 C Shore Spawner 
28-Aug-95 Trawl 16-22 41 41. 01. 759 109.33.690 C Shore Spawner 
28-Aug-95 Trawl 16-22 314 41. 01. 759 109.33.690 C Shore Spawner 
29-Aug-95 Trawl 16-22 386 40.54.295 109.37.076 C Shore Spawner 
29-Aug-95 Trawl 16-22 205 40.54.295 109.37.076 A Sheep Creek 
29-Aug-95 Trawl 16-22 43 40.54.295 109.37.076 C Shore Spawner 
29-Aug-95 Trawl 26-32 295 40.53.637 109.36.101 C Shore Spawner 
29-Aug-95 Trawl 26-32 296 40.53.637 109.36.101 C Shore Spawner 
29-Aug-95 Trawl 26-32 280 40.53.637 109.36.101 C Shore Spawner 
29-Aug-95 Trawl 26-32 282 40.53.637 109.36.101 C Shore Spawner 
29-Aug-95 Trawl 26-32 277 40.53.637 109.36.101 C Shore Spawner 
29-Aug-95 Trawl 26-32 285 40.53.637 109.36.101 C Shore Spawner 
29-Aug-95 Trawl 26-32 202 40.53.637 109.36.101 C Shore Spawner 
29-Aug-95 Trawl 26-32 77 40.53.637 109.36.101 A Sheep Creek 
29-Aug-95 Trawl 6-12 200 40.53.472 109.32.523 C Shore Spawner 
29-Aug-95 Trawl 6-12 55 40.53.472 109.32.523 C Shore Spawner 
29-Aug-95 Trawl 6-12 47 40.53.472 109.32.523 C Shore Spawner 
29-Aug-95 Trawl 26-32 61 40.55.301 109.29.646 C Shore Spawner 
29-Aug-95 Trawl 26-32 294 40.55.301 109.29.646 C Shore Spawner 
29-Aug-95 Trawl 26-32 294 40.55.301 109.29.646 C Shore Spawner 
29-Aug-95 Trawl 26-32 293 40.55.301 109.29.646 C Shore Spawner 
(J'\ 
(X) 
29-Aug-95 Trawl 26-32 269 40.55.301 109.29.646 C Shore Spawner 
29-Aug-95 Trawl 26-32 259 40.55.301 109.29.646 C Shore Spawner 
29-Aug-95 Trawl 18-24 457 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 285 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 62 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 42 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 40 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 42 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 35 40.54.670 109.28.098 A Sheep Creek 
29-Aug-95 Trawl 18-24 320 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 200 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 202 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 18-24 178 40.54.670 109.28.098 C Shore Spawner 
29-Aug-95 Trawl 6-12 55 40 .. 54. 790 109.27.986 C Shore Spawner 
29-Aug-95 Trawl 6-12 201 40.54.790 109.27.986 A Sheep Creek 
Table A.2--Raw data of cormnon garden net pen experiment to test for growth 
differences between Flaming Gorge kokanee genetic stocks across the reservoir's 
trophic gradient. Each net pen held three fish from each population for a 
total of six kokanee. The* indicates the individual that was not used in the 
Chapter 3 analyses as this fish grew substantially less than the other fish 
in the experiment. 
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Open Hills 6 Sheep Creek 2.38 2.29 5.88 6.06 37 0.044 
Open Hills 6 Sheep Creek 2.23 6.60 37 
Inflow 7 Shore Spawner 1.24 6. 53 38 
Inflow 7 Shore Spawner 1.39 l. 34 7.46 6.98 38 0.111 
Inflow 7 Shore Spawner 1. 40 6. 94 38 1.37 
Inflow 7 Sheep Creek 1.33 5.33 38 
Inflow 7 Sheep Creek 1.14 1.25 4.75 5.10 38 0.081 
Inflow 7 Sheep Creek 1.28 5.22 38 
Inflow 8 Shore Spawner 1. 91 7. 01 38 
Inflow 8 Shore Spawner 1. 92 1. 91 7. 64 7.24 38 0.073 
Inflow 8 Shore Spawner 1.90 7. 08 38 1.36 
Inflow 8 Sheep Creek 1. 55 4.35 38 
Inflow 8 Sheep Creek 1.63 1. 59 5. 61 4.85 38 0.054 
Inflow 8 Sheep Creek 1. 60 4. 58 38 
Inflow 9 Shore Spawner 0.74 3. 00 38 
Inflow 9 Shore Spawner 0.80 0.80 3.68 3.27 38 0.081 
Inflow 9 Shore Spawner 0.87 3.12 38 1.03 
Inflow 9 Sheep Creek 0.97 4.16 38 
Inflow 9 Sheep Creek l. 01 l. 02 4.21 4.09 38 0. 079 
Inflow 9 Sheep Creek 1. 07 3. 91 38 
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APPENDIX B. GENOMIC DNA EXTRACTION METHOD 
GENOMIC DNA EXTRACTION - ETHANOL PRESERVED SAMPLES 
1. Macerate 5 mm X 5 mm fin tissue sample in a weighing 
boat with .650 µl digestion solution (recipe next page). 
2. Place in 1.6 ml Eppendorf tube. 
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3. Gently shake and put tube in 55°C incubator overnight. 
4. Add 650 µl of 24:1 CI. Invert to mix. 
5. Spin down for 5 minutes in microfuge. 
6. Remove aqueous layer and place in a new tube. 
7. Repeat steps 4-6. 
8. Add 1/10 volume of SM ammonium acetate and 2 vol of 
cold 100% ETOH. 
9. Mix gently and put in freezer for 1/2 hour. 
10. Spin down in microfuge for 10 minutes. 
11. Decant supernatant away from pellet side. 
12. Add 0.5 ml 70% ETOH to wash pellet. 
13. Spin down for 30 seconds in microfuge. 
14. Decant supernatant. 
15. Repeat steps 12-14. 
16. After removing supernatant gently invert tube on rack 
to dry. 
17. Put rack in 37°C incubator for 10-15 minutes. 
18. Remove tubes and resuspend pellet in 100 µl of TE. 
19. Store in refrigerator at 4°C. 
RECIPE FOR 10 ml DIGESTION SOLUTION 
Ingredient 
lM Tris HCL pH 8 
lM NaCl 
0.5M EDTA pH 8 
20% SDS 
20% DTT 
solid Proteinase K 
ddH 2 O 
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Amount 
500 µl 
2000 µl 
1000 µl 
500 µl 
100 µl 
10 µl 
5900 µl 
